Background: The pathogenesis of autistic disorder (AD) is not clearly understood but genetic factors and the immune system have been implicated. Disturbed immunoglobulin levels and autoantibodies to neuronal elements have been reported in AD including cytokines encoded by genes involved with cell proliferation, migration and adhesion but there is a paucity of data comparing cytokine levels in children with AD and unrelated siblings without AD. Methods: We analyzed 39 plasma cytokines in 99 well-characterized children with AD between 5 and 10 years of age and 40 age and gender matched healthy unrelated siblings without AD under the same clinical assessments, specimen processing and laboratory conditions. Multiplex sandwich immunoassays were used with the Luminex fluorescent-bead based platform. Log-transformed values of the 29 cytokines meeting laboratory criteria for inclusion were analyzed by analysis of covariance with a general linear model adjusting for diagnosis, gender, diagnosis by gender interaction effects, age and days of specimen handling. The Tukey-Kramer post hoc test was used to control for multiple comparisons. Results: Eight of 29 cytokine levels analyzed were significantly lower in children with AD compared with unrelated siblings without the diagnosis of AD. Three of the cytokines are known to be involved with hematopoiesis and five with attraction of T-cells, natural killer cells and monocytes. Conclusions: Plasma cytokine levels representing chemokines involved in the T-helper cell immune system and hematopoiesis were lower in the children with AD compared with unrelated siblings without AD necessitating further studies to confirm immunological disturbances influencing hematopiesis and antibody production in the children with AD. Linking genes that encode immune related proteins and cytokines are important to study for their impact on critical periods of brain development and function.
a b s t r a c t
Background: The pathogenesis of autistic disorder (AD) is not clearly understood but genetic factors and the immune system have been implicated. Disturbed immunoglobulin levels and autoantibodies to neuronal elements have been reported in AD including cytokines encoded by genes involved with cell proliferation, migration and adhesion but there is a paucity of data comparing cytokine levels in children with AD and unrelated siblings without AD. Methods: We analyzed 39 plasma cytokines in 99 well-characterized children with AD between 5 and 10 years of age and 40 age and gender matched healthy unrelated siblings without AD under the same clinical assessments, specimen processing and laboratory conditions. Multiplex sandwich immunoassays were used with the Luminex fluorescent-bead based platform. Log-transformed values of the 29 cytokines meeting laboratory criteria for inclusion were analyzed by analysis of covariance with a general linear model adjusting for diagnosis, gender, diagnosis by gender interaction effects, age and days of specimen handling. The Tukey-Kramer post hoc test was used to control for multiple comparisons. Results: Eight of 29 cytokine levels analyzed were significantly lower in children with AD compared with unrelated siblings without the diagnosis of AD. Three of the cytokines are known to be involved with hematopoiesis and five with attraction of T-cells, natural killer cells and monocytes. Conclusions: Plasma cytokine levels representing chemokines involved in the T-helper cell immune system and hematopoiesis were lower in the children with AD compared with unrelated siblings without AD necessitating further studies to confirm immunological disturbances influencing hematopiesis and antibody production in the children with AD. Linking genes that encode immune related proteins and cytokines are important to study for their impact on critical periods of brain development and function.
© 2011 ISDN. Published by Elsevier Ltd. All rights reserved.
Introduction

Autism spectrum disorder
Classical autism or autistic disorder (AD) is a common neurodevelopmental disorder with developmental abnormalities noted by 3 years of age and belongs to the group of conditions known as Autism Spectrum Disorders (ASD). Asperger syndrome and Pervasive Developmental Disorder-Not Otherwise Specified (PDD-NOS) are also included in this genetically heterogeneous group. Diagnostic features of AD include significantly impaired social interactions, marked and ongoing impairment of both verbal and nonverbal communication, and restricted, repetitive or stereotypical behaviors and interests (APA, 2000; Lord et al., 1994) . The prevalence of ASD is on the rise with recent estimates at 1 in 150 individuals or 1 in 80 males (Rice, 2009) .
ASD is clearly attributable to genetic factors with heritability estimates at nearly 90% (Herman et al., 2007) along with characteristics of autoimmune disorder and immune dysfunction (Careaga et al., 2010; Comi et al., 1999) . Genome-wide scans and chromosomal microarrays have identified over 20 autism susceptibility genes of interest (Cook and Scherer, 2008; Nord et al., 2011; Sebat et al., 2007; Wang et al., 2009) ; however, known congenital conditions, chromosome abnormalities and single gene disorders account for less than 20% of cases (Butler et al., 2005; Herman et al., 2007; Jacquemont et al., 2006; Liu et al., 2001; Sebat et al., 2007; Talebizadeh et al., 2006 Talebizadeh et al., , 2008 . The role of subtle genomic imbalances in ASD remains to be clearly delineated, but recent evidence links genes encoding immune-related proteins such as cytokines to ASD (Garbett et al., 2008) . In humans, several kinds of intercellular signaling proteins including cytokines are released from a wide variety of cells that regulate growth and cell proliferation of
